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SERPIN DRUGS FOR TREATMENT OF HIV INFECTION AND 
METHOD OF USE THEREOF 

RELATED APPLICATIONS 

This application claims priority from U.S.S.N. 60/264,338, filed January 26, 2001, which 
5 is incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

The present invention relates to a method of antiviral treatment using a serpin that 
^ inhibits serine protease and binds heparin. 

5 

if I BACKGROUND OF THE INVENTION 

W The human retrovirus, human immunodeficiency virus (HIV) causes Acquired 

y Immunodeficiency Syndrome (AIDS), an incurable disease in which the body's immune system 

^ breaks down leaving the victim vulnerable to opportunistic infections, e.g., pnevunonia, and 

certain cancers, e.g., Karposis Sarcoma. AIDS is major global health problem. The Joint United 

m 

iff Nations Programme on HIV/ AIDS (UNAIDS) estimates that there are now over 34 million 

H people Hving with HIV or AIDS worldwide, some 28.1 million of those infected individuals 

1 s z 

reside in impoverished sub-Saharan Africa. In the United States, one out of every 250 people are 
infected with HIV or have AIDS. Since the beginning of the epidemic, AIDS has killed nearly 
19 million people worldwide, including some 425,000 Americans. AIDS has replaced malaria 
and tuberculosis as the world's deadliest infectious disease among adults and is the fourth 
20 leading cause of death worldwide. 

There is still no cure for AIDS. There is, however, an armamentarium of antiretro viral 
drugs that prevent HTV from reproducing and ravaging the body's immune system. One such 
class of drugs are the reverse transcriptase inhibitors, e.g., abacavir, delaviridine, didanosine, 
efavirenz, lamivudine, nevirapine, stavudine, zalcitabine, and zidovudine, which attack an HIV 
25 enzyme called reverse transcriptase. Another class of drugs is the protease inhibitors, e.g., 

amprenavir, indinavir, nelfinavir, ritonavir, and saquinavir, which inhibit HIV enzyme protease. 
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First introduced in 1995, these protease inhibitors are widely used for the treatment of HIV 
infection alone or in combination with other antiretroviral drugs. Today, approximately 215,000 
of the estimated 350,000 patients receiving treatment for HIV infection in the United States take 
at least one protease inhibitor. 

5 Highly active antiretroviral drug therapy (HAART) is a widely used anti-HIV therapy 

that entails triple-drug protease inhibitor-containing regimens that can completely suppress viral 
replication (Stephenson, JAMA, 277: 614-6 (1997)). The persistence of latent HIV in the body, 
however, has been underestimated. It is now recognized that there exists a reservoir of HIV in 
perhaps tens of thousands to a million long-lived resting "memory " T lymphocytes (CD4), in 
10 which the HIV genome is integrated into the cells own DNA (Stephenson, JAMA, 279: 641-2 
(1998)). This pool of latently infected cells is likely established during primary infection. 

^ Such combination therapy is often only partially effective, and it is unknown how much 

\J viral suppression is required to achieve durable virologic, immunologic, and clinical benefit 

m 

(Decks, JAMA, 286: 224-6 (2001)). Anti-HIV drugs are highly toxic and can cause serious side 
¥5 effects, including heart damage, kidney failure, and osteoporosis. Long-term use of protease 
O inhibitors has been linked to peripheral wasting accompanied by abnormal deposits of body fat. 
P I Other manifestations of metabohc disruptions associated with protease inhibitors include 
increased levels of triglycerides and cholesterol, pancreatitis, atherosclerosis, and insulin 
nj resistance (Carr et al. Lancet, 351\ 1881-3 (1998)). The efficacy of current anti-HIV therapy is 
20 further limited by the complexity of regimens, pill burden, and drug-drug interactions. 

Compliance with the toxic effects of antiretroviral drugs make a lifetime of combination therapy 
a difficult prospect and many patients cannot tolerate long-term treatment with HAART. There 
is an urgent need for other antiviral therapies due to poor adherence to combination therapy 
regimes, which has led to the emergence of drug-resistant strains of HIV. Other drugs may 
25 improve compliance by substantially reducing the daily "pill burden" and simplifying the 
complicated dietary guidelines associated with the use of current protease inhibitors. 

The HIV virus enters the body of an infected individual and lives and replicates primarily 
in the white blood cells. The hallmark of HIV infection, therefore, is a decrease in cells called 
T-helper or CD4 cells of the immune system. The molecular mechanism of HIV entry into cells 
30 involves specific interactions between the viral envelope glycoproteins (env) and two target cell 
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proteins, CD4 and a chemokine receptor. HIV cell tropism is determined by the specificity of 
the env for a particular chemokine receptor (Steinberger et al, Proc. Natl. Acad. Sci. USA. 
97\ 805-10 (2000)). T-cell-line-tropic (T-tropic) viruses (X4 viruses) require the chemokine 
receptor CXR4 for entry. Macrophage (M)-tropic viruses (R5 viruses) use CCR5 for entry 
5 (Berger et al, NATURE, 391: 240 (1998)). T-tropism is linked to various aspects of AIDS, 

including AIDS dementia, and may be important in disseminating the virus throughout the body 
and serving as a reservoir of virus in the body. 

008"^ T-cells secrete soluble factor(s) capable of inhibiting both R5- and X4-tropic 
strains of HIV and that are believed to play a critical role in vivo in antiviral host defense 
10 (Garizino-Demo et aL, Proc. Natl. Acad. Scl USA, 96: 1 1 1986-91 (1999)). These inhibitory 
M= factors include CC-chemokines (Cocchi et al, Science, 270: 1811-5 (1995); Horuk et aL, J. 
Biol. Chem., 273: 386-91 (1998); Pal et aL, Science, 278: 695-8 (1997)), that bind to the CCR5 
coreceptor and inhibit R5 viral entry into cells (Garizino-Demo et aL, Proc. Natl. Acad. Sci. 
m USA., 96: 1 1 1986-91 (1999); Liu et aL, Cell, 86: 367-77 (1996); Samson et aL, Nature, 382: 
ij 722-5 (1996); Scarlatti et aL, Nat. Med., 3: 1259-65 (1997)) as well as less well characterized 

soluble factor(s) produced by CD8**' T-cells and termed CD8^ T-cell antiviral factor(s) 
H (hereinafter, CAP) capable of inhibiting both R5 and X4 HIV (Walker et aL, Science, 234: 
[S 1563-6 (1986); Chen et aL, AIDS RES. Hum. Retroviruses, 9: 1079-86 (1993); Mackewicz et 
O aL, Proc. Natl. Acad. Sci. USA, 92: 2308-12 (1995); Mackewicz et aL, J. Gen. Virol., 81 PL 
20 5: 1261-4 (2000); Leith et aL, AIDS, 11: 575-80 (1997); Le Borgne et aL, J. ViROL., 74: 4456-64 
(2000); Tomaras et aL, Proc. Natl. Acad. Sci. USA, 97: 3503-8 (2000)). These 
CC-chemokines, however, do not account for all CAP antiviral activity released from these cells, 
particularly since CAP can inhibit the replication of X4 HIV strains that use CXCR4 and not 
CCR5 as a coreceptor. The identity of the factor(s) released from CD8^ T-cells capable of 
25 inhibiting X4 HIV has remained elusive. 
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SUMMARY OF THE INVENTION 

The invention provides compositions comprising substantially purified serpin which are 
useful in methods for the treatment and prevention of HIV infection. The invention also includes 
methods for the treatment and prevention of HIV infection comprising contacting a composition 
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of the invention with a human patient or treating HIV infection by introducing into a cell 
susceptible to HIV infection a DNA molecule encoding a serpin. Additionally, the invention 
provides antibodies and kits useful in the detection, treatment, and prevention of HIV infection. 

The present invention provides a method of inhibiting the infectivity of HIV by 

5 contacting an HIV virion with a composition comprising a substantially purified preparation of a 

serpin, or analog thereof The composition is incubated with the virion for a period of time 

sufficient to inhibit the infectivity of HIV. The serpin may be selected from, but is not limited to, 

a group consisting of antithrombin (ATIII), protein C-inhibitor, activated protein C, plasminogen 

, • activator inhibitor, and alpha- 1 -antitrypsin A and may be pretreated chemically or enzymatically, 

10 e.g., elastase pretreatment. The serpin may be either bovine-originated or human-originated. In 

M a preferred embodiment, the serpin, or analog thereof, inhibits serine protease and binds heparin, 
o 

p In a more preferred embodiment, a 43 kDa modified form of antithrombin III (hereinafter, 

mATIII) from activated CD8^ T-cell supematants is used as an HIV inhibitory factor capable of 

ffi inhibiting the replication of both R5 and X4 HIV. In a most preferred embodiment, the 

ft' composition is comprised of 43 kDa ATIII (hereinafter mATIII), R-ATIII, S- ATIII, or a 

L combination thereof 
P 

The serpin composition may be used in a method of decreasing the infectivity of HIV, if 

y I any is present, in a biological sample by contacting the biological sample with an amount of 

P 

p^l serpin sufficient to decrease the infectivity of HIV in the biological sample. In a preferred 
20 embodiment, biological samples are contacted with serpin at a concentration of at least about 2 
U/ml final biological sample volume. Biological samples which may treated for HIV infection 
include, but are not limited to, blood, plasma, serum, semen, cervical secretions, saliva, urine, 
breast milk, and amniotic fluids. 

The present invention also provides a method of treating HIV infection by introducing a 
25 DNA molecule encoding a serpin into a cell susceptible to HIV infection, and expressing the 
serpin in an amount sufficient to inhibit infection of the cell by the HIV. Similarly, the present 
invention provides a method of treating HIV infection in a subject, the method comprising 
introducing into the subject a producer cell that expresses a serpin in an amoxmt sufficient to 
inhibit infection of an endogenous cell of the subject, the endogenous cell being susceptible to 
30 HIV infection. In these methods, the expressed serpin preferably inhibits serine protease and 
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binds heparin. In a preferred embodiment, the expressed serpin is ATin, protein C-inhibitor, 
activated protein C, plasminogen activator inhibitor, or a- 1 -antitrypsin. In a more preferred 
embodiment, the expressed serpin is mATIII, R-ATIII, S-ATIII, or combination thereof 

The present invention further provides a purification system comprised of a serpin, or 
analog thereof, associated with a surface, wherein the serpin is capable of inhibiting the 
infectivity of HIV. A method of inhibiting the infectivity of HIV is provided by the present 
invention where an HIV virion is contacted with a composition having a surface that comprises 
substantially purified serpin associated with the surface for a length of time sufficient to inhibit 
the infectivity of HIV. In particular, the serpin may be associated with a bead, chip, column, or 
matrix. The present invention further provides a kit for detecting a protein that inhibits the 
infectivity of HIV, In particular, the kit comprises an antibody that specifically binds a serpin, or 
analog thereof Also, the detection reagent contained in the kit is selected from the group 
consisting of an enzyme and a radionucleotide. In these methods, the expressed serpin 
preferably inhibits serine protease and binds heparin. In a preferred embodiment, the expressed 
serpin is ATIII, protein C-inhibitor, activated protein C, plasminogen activator inhibitor, or 
alpha- 1 -antitrypsin. In a more preferred embodiment, the expressed serpin is mATIII, R-ATIII, 
S-ATIII, or combination thereof. 

These and other objects of the present invention will be apparent from the detailed 
description of the invention provided below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be further understood from the following description with 
reference to the figures in which: 

FIG. 1 details members of the serpin protein superfamily. This table was modified from: 
Irving et al, GENOME RESEARCH 10: 1845-64 (2000). 

FIG. 2 details the analytical data used to identify mATIII as a soluble HIV inhibitor 
secreted by CDS"^ T-cells. Panel 2A is a C4 HPLC chromatogram of the substantially purified 
HIV inhibitor, mATIII. Panel 2B is a silver stained SDS-PAGE gel of the substantially purified 
HIV inhibitor, mATIII. Panel 2C is a table of the partial protein sequence of HIV inhibitor 
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obtained by in-gel trypsin digestion of the SDS PAGE HIV inhibitor protein band, elution of the 
resultant HlV-derived inhibitor peptides and nano-electrospray tandem mass spectrometry. 

FIG. 3 demonstrates the antiviral effect of purified bovine ATIII on HFV. Panel 3A is a 
silver stained SDS-PAGE gel of R- ATIII (porcine elastase treated; lane 1) and S-ATIII 
5 (undigested; lane 2) used for the HIV inhibition tests Panel 3B is a graph comparing the HIV 
inhibitory activity of varying concentrations of R- ATIII and S-ATIII on X4 HIV and R5 HIV 
infectivity, respectively. Virus inhibition was calculated using the buffer controls or the enzyme 
controls. 

FIG. 4 is a graph comparing the effect of different forms of ATIII on X4 HIV, SIV, and 
10 SHIV infectivity. FIG. 4A is a graph comparing the effect of heat treatment (95°C, 10 min and 

M 60°C, 30 min treatment) on R- and S-ATIH-mediated X4 HIV inhibition using porcine elastase 

□ 

O alone as an experimental control. The inhibitory activity of a pre-latent ATIII (60^C, 24 h), and 

iff 

Zl S-ATIII pretreated with V8 protease were also tested, FIG. 4B is a graph comparing HIV 
"I 

ff^ inhibitory activity of R-ATIII and S-ATIII on SIV and SHIV (SIVku-i) infectivity. Virus 

1^ inhibition was calculated using the buffer controls or the enzyme controls. 

b 

DETAILED DESCRIPTION OF THE INVENTION 

m 

~r Definitions 

m 

As used herein, each of the following terms has the meaning associated with it in this 

section. 

20 The term "serpin," as used herein, is intended to include native serpin polypeptide as well 

as any biologically active fragment(s) or analog(s) thereof The terms "fragment" and ''analog" 
are used interchangeably herein to describe serpins useful in the methods of the present 
invention. 

The term "substantially pure," as used herein, describes a compound, e.g., a protein or 
25 polypeptide that has been separated from components which naturally accompany it. Typically, 
a compound is substantially pure when at least 10%, more preferably at least 20%, more 
preferably at least 50%, more preferably at least 60%, more preferably at least 75%, more 
preferably at least 90%, and most preferably at least 99% of the total material (by volume, by 
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wet or dry weight, or by mole percent or mole fraction) in a sample is the compound of interest. 
Purity can be measured by any appropriate method, e.g., in the case of polypeptides by column 
chromatography, gel electrophoresis or HPLC analysis. A compound, e.g., a protein, is also 
substantially purified when it is essentially free of naturally associated components or when it is 
separated from the native contaminants which accompany it in its natural state. Included within 
the meaning of the term "substantially pure" as used herein is a compound, such as a protein or 
polypeptide, which is homogeneously pure, for example, where at least 95% of the total protein 
(by volume, by wet or dry weight, or by mole percent or mole fraction) in a sample is the protein 
or polypeptide of interest. 

The term "specific binding" or "specifically binds," as used herein, means a protein, such 
as an antibody which recognizes and binds a serpin, e.g., ATUI, or a ligand thereof, but does not 
substantially recognize or bind other molecules in a sample. 

The term "pharmaceutically acceptable carrier," as used herein, means a chemical 
composition with which the active ingredient may be combined and which, following the 
combination, can be used to administer the active ingredient to a subject. 

The term "physiologically acceptable" ester or salt, as used herein, means an ester or salt 
form of the active ingredient which is compatible with any other ingredients of the 
pharmaceutical composition, which is not deleterious to the subject to which the composition is 
to be administered. 

The term "oily" liquid, as used herein, is one which comprises a carbon-containing liquid 
molecule and which exhibits a less polar character than water. 

The term "additional ingredients," as used herein, include, but are not limited to, one or 
more of the following: excipients; surface active agents; dispersing agents; inert diluents; 
granulating and disintegrating agents; binding agents; lubricating agents; sweetening agents; 
flavoring agents; coloring agents; preservatives; physiologically degradable compositions such 
as gelatin; aqueous vehicles and solvents; oily vehicles and solvents; suspending agents; 
dispersing or wetting agents; emulsifying agents, demulcents; buffers; salts; thickening agents; 
fillers; emulsifying agents; antioxidants; antibiotics; antiftingal agents; stabilizing agents; and 
pharmaceutically acceptable polymeric or hydrophobic materials. Other "additional ingredients" 
which may be included in the pharmaceutical compositions of the invention are known in the art 
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and described, for example, in Genaro, ed., 1985, Remington's Pharmaceutical Sciences, 
Mack Publishing Co., Easton, Pa., which is incorporated herein by reference. 

One "unit" of ATIII enzymatic activity, as used herein, is the activity present in 0. 1 ml of 
normal human pooled plasma tested in the presence of 0.1 unit of heparin (Damus and 
5 Rosenberg, Meth. Enzymol., 45: 653 (1976); Proteolytic Enzymes: A Practical 

Approach, eds. Beynon and Bond, p. 247 (1989)). One "unit" of serpin enzymatic activity, as 
used herein, is understood to represent the conventional measure of serpin activity as defined in 
the art. 

The term "transformation," as used herein, means introducing DNA into a suitable host 
10 cell so that the DNA is replicable, either as an extrachromosomal element, or by chromosomal 
^ integration. 

The term "transfection," as used herein, refers to the taking up of an expression vector by 

y a suitable host cell, whether or not any coding sequences are in fact expressed. 

y1 

r! The term "infection," as used herein, refers to the introduction of nucleic acids into a 

15 suitable host cell by use of a virus or viral vector. 

O 

The term "antibody," as used herein, refers to an immunoglobulin molecule that is able to 

ssg z 
lis 

I n specifically bind to a specific epitope on an antigen. 



HIV Inhibitors of the Present Invention 



The present invention identifies antiretro viral activity of serpins (FIG. 1). The invention 
20 - also includes methods for the treatment and prevention of HIV infection comprising contacting a 
composition of the invention with a human patient or treating HIV infection by introducing into 
a cell susceptible to HIV infection a DNA molecule encoding a serpin. Additionally, the 
invention includes antibodies and kits useful in the detection, treatment, and prevention of HIV 
infection. 

25 Serpins constitute a superfamily of structurally related proteins found in eukaryotes, 

including humans (Wright, BlOASSAYS, J8: 453-64 (1996); Skinner et aL, J. MOL. BlOL., 283: 
9-14 (1998); Huntington et al, J. MOL. BlOL., 293: 449-55 (1999); Interpro #IPR000215). 
Serpins are unusually large serine protease inhibitors, e.g., ATIII, protein C-inhibitor, activated 
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protein C, plasminogen activator inhibitor, and alpha- 1 -antitrypsin. On a molar basis, inhibitory 
serpins comprise some 10 percent of human serum proteins. 

While the Experimental Examples presented herein are directed to antithrombin 
(hereinafter, ATIII), it is contemplated that the present invention includes other serpins, as 
5 summarized in FIG. 1, or peptide fragment(s) derived therefrom or analog(s) thereof. In a 
preferred embodiment, the serpin binds heparin, and inhibits both serine protease and HIV. 
The term "serpin" encompasses naturally occurring serpins, as well as synthetic or recombinant 
serpins. Further, the term "serpin" encompasses allelic variants, species variants, and 
conservative amino acid substitution variants. The term also encompasses full-length serpins, as 

10 well as serpin fragments. It will thus be understood that fragments of serpins variants, in 

amoimts giving equivalent biological activity to full-length serpins, can be used in the methods 

p of the invention, if desired. Fragments of serpin incorporate at least the amino acid residues of 

^! serpins necessary for a biological activity similar to that of intact serpin. Examples of such 

§\ fragments include the serpins presented in FIG. 1 . 

]M The term "serpin" also encompasses variants and functional analogs of serpins having a 



p homologous amino acid sequence with a serpin. The present invention thus includes 

pharmaceutical formulations comprising such serpm vanants and functional analogs, carrying 



in modifications like substitutions, deletions, insertions, inversions or cyclisations, but nevertheless 

n 

having substantially the biological activities of serpins. 



20 According to the present invention, "homologous amino acid sequence" means an amino 

acid sequence that differs by one or more conservative amino acid substitutions, or by one or 
more non-conservative amino acid substitutions, deletions, or additions located at positions at 
which they do not destroy the biological activities of the polypeptide. Conservative amino acid 
substitutions typically include substitutions among amino acids of the same class. These classes 

25 include, for example, (a) amino acids having uncharged polar side chains, such as asparagine, 
glutamine, serine, threonine, and tyrosine; (b) amino acids having basic side chains, such as 
lysine, arginine, and histidine; (c) amino acids having acidic side chains, such as aspartic acid 
and glutamic acid; and (d) amino acids having nonpolar side chains, such as glycine, alanine, 
valine, leucine, isoleucine, proline, phenylalanine, methionine, tryptophan, and cysteine. 

30 Preferably, such a sequence is at least 75%, preferably 80%, more preferably 85%, more 
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preferably 90%, and most preferably 95% homologous to the amino acid sequence of the 
reference serpin. 

Serpin structure is typified by a multi-domain fold containing a bundle of helices and a 
sandwich, and a well-defined C-terminal reactive region that acts as a 'bait' for an appropriate 
5 serine protease. Many serpins are high molecular weight (400 to 500 amino acids), extracellular, 
irreversible inhibitors of serine proteases whose mechanism of inhibition involves dramatic 
conformational changes (Skinner et a/., J. MOL. BlOL., 283\ 9-14 (1998); Huntington et al, J. 
MOL. Biol., 293: 449-55 (1999)). Significant tertiary structural changes may involve the 
insertion of the reactive center peptide loop insert into a gap in a major P-sheet forming a new 
10 strand (Stein and Carrell, Nature Struct. BlOL., 2: 96-1 13 (1995); Sharp et al. Structure, 7: 
M 111-8 (1999)). On the basis of strong sequence similarities, a nvunber of proteins, e.g.y 
p angiotensinogen, thyroxine binding globulin, and corticosteroid binding globulin, with no known 
^^J inhibitory activity, are said to belong to this family (Stein and Carrell, Nature Struct. Biol., 2: 
m 96-113 (1995)). 

Ij Among the serpins, ATIII is a glycoprotein present in blood plasma with a well-defined 

p role in blood clotting. Specifically, ATIII is a potent inhibitor of the reactions of the coagulation 
P cascade with an apparent molecular weight between 54 kDa and 65 kDa (Rosenberg and Damns, 
m J. Biol. Chem., 248: 6490-505 (1973); Nordenman et al, Eur. J. Biochem., 78: 195-204 



(1977); Kurachi et aL, BIOCHEMISTRY, 15: 373-7 (1976)) of which, some ten percent is 
20 contributed by four glucosamine-base carbohydrate chains (Kurachi et al, Biochemistry, 15: 
(1976); Petersen et al, In The Physiological Inhibitors of Coagulation and 
Fibrinolysis, (Collen, Winman and Verstraete, eds) Elsevier, Amsterdam, p. 48 (1979)). 
Although the name, ATIII, implies that it works only on thrombin, it actually serves to inhibit 
virtually all of the coagulation enzymes to at least some extent. The primary enzymes it inhibits 
25 are factor Xa, factor IXa and thrombin (factor Ila). It also has inhibitory actions on factor Xlla, 
factor XIa and the complex of factor Vila and tissue factor but not factor Vila and activated 
protein C. ATIII also inhibits trypsin, plasmin and kallikrein (Charlotte and Church, Seminars 
IN Hematology, 25:3-9 (1995). Its ability to limit coagulation through multiple interactions 
makes it one of the primary natural anticoagulant proteins. 
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ATIII acts as a relatively inefficient inhibitor on its own. However, ATIII can be 
activated by a simple template mechanism, or by an allosteric conformational change brought 
about by heparin binding (Skinner et a/., J. MOL. BlOL., 283\ 9-14 (1998); Huntington et aL, 
J. MOL. Biol., 293: 449-55 (1999); Belar et aL, J. BiOL. Chem., 275: 8733-41 (2000)). When 
5 ATIII binds heparin the speed with which the reaction that causes inhibition occurs is greatly 
accelerated; this makes the ATIII-heparin complex a vital component of coagulation. This 
interaction is also the basis for the use of heparin and low-molecular-weight heparins as 
medications to produce anticoagulation. 

There is a growing body of evidence that ATIII has additional biological activity apart 
10 fi:om its ability to inhibit thrombin. For example, ATIII has been demonstrated as an anti- 
inflammatory firaction in sepsis (Souter et aL, Crit. Care Med., 29: 134-9 (2001)), as an 

D antiangiogenesis factor in tumor growth (O'Reilly et aL, Science, 285: 1926-8 (1999)), and is 

D 

i/f chemotactic to neutrophils through the sydecan-4 receptor (Dunzendorfer et aL, Blood, 97: 

ij 1079-85 (2001); Kaneider et aL, BIOCHEM. BiOPHYS. RES. COMMUN., 287: 42-6 (2001). The 

FS mechanism of action is so far not entirely clear. 

Ul 



Purification and Identification of mATIII 



ry Activated CDS"^ T-cells produce at least two factors capable of inhibiting the X4 strain 

p HIViiiB (Geiben-Lynn et aL, J. ViROL., 75: 8306-16 (2001)). These factors are distinct in their 
size and ability to bind heparin. One of these factor binds heparin at physiological salt 

20 concentration, elutes from a purification column at 350 mM NaCl and is retained by a 50 kDa cut 
off Centricon filter. The other factor does not bind heparin at physiological salt concentration 
and passes through a 50 kDa cut off Centricon filter. The HIV inhibitory activity of these factors 
is higher with bulk CDS"*" T-cells of seropositive individuals and HIV specific Cytotoxic 
T-Lymphocytes (CTL) compared to bulk CD 8"^ T-cells of HIV seronegative individuals 

25 (Geiben-Lynn et aL, J. ViROL., 75: 8306-16 (2001)). 

An X4 HIV inhibition assay (Geiben-Lynn et aL, J. ViROL., 75: 8306-16 (2001); Shapiro 
et aL, FASEB J., 15: 1 15-22 (2001)) was used to purify the inhibitory activity found in the 
heparin bound fraction of activated CD8'^ T-cell supernatant (Geiben-Lynn et aL, J. ViROL., 75: 
8306-16 (2001)). The HIV inhibitory activity was purified to apparent homogeneity as measured 
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by SDS-PAGE silver staining and C4-HPLC (Van Patten et aL, J. BlOL. Chem., 274\ 10268-76 
(1999)) using heparin Sepharose and Superdex-200 size-exclusion-chromatography (FIG. 2A). 
The HIV inhibitory factor was identified as a 43 kDa ATIII-like protein (mATIII; FIG. 2B), by 
reverse-phase HPLC nano-electrospray tandem mass spectrometry (|iLC/MS/MS) on a Finnigan 
5 LCQ quadrupole ion trap mass spectrometer (FIG. 2C). 

B. Characterization of the Antiretroviral Properties of A Till forms 

Analytical characterization of a CAF {Cf FIG. 2) showed that activated CDS"^ T-cells 
modify ATIII to mATIII, a^ form with enhanced abihty to inhibit HIV infectivity. Therefore, the 
in vitro antiretroviral activity of ATIIII forms were measured and compared (FIGS. 3 and 4). 
^ft Under physiological conditions, ATIII exists in different forms. In its most abundant 
hf configuration, ATIII circulates in a quiescent form, L-form, in which its reactive COOH-terminal 
HI loop is not fully exposed and cannot bind target proteins. When bound to heparin, a stressed 
gi confirmation, the S form of the molecule is induced: the reactive loop is exposed, and thrombin- 

Lii. 

p; binding affinity is increased by up to a factor of 100. The thrombin- ATIII complex then slowly 

15 dissociates, and the reactive loop of ATIQ is cleaved by the released thrombin. The cleaved 

P 

|J ATIII consists of disulfide-bonded A and B chains and does not bind target proteases. 

Additionally, this cleavage induces a conformational change to a relaxed confirmation, the R 



m 

pi 



form, in which the reactive loop is irreversibly inserted into an A-beta sheet (Schreuder et al, 
Nat. Struct. Biol., h 48-54 (1994)). 



20 An R- ATIII form was described as an antiangiogenetic factor capable of inhibiting tumor 

growth. This form of ATIII is cleaved between Ser^^^ and Thr^^^ and can be generated by 
digesting with porcine elastase (O'Reilly et ai, SCIENCE, 285: 1926-8 (1999)). Other enzymes, 
which can cleave ATIII and produce R- ATIII forms are thrombin (Arg^^'^-Ser^^^), pancreatic 
elastase (VaP^^-Iso*^^^) and human neutrophil elastase (Iso^^*-Ala^^^) (Evans et aL, 

25 Biochemistry, 3 J: 12629-42 (1992); Mourey et al, J. Mol. Biol., 232: 223-41 (1993)). 

A pre-latent ATIII, where the ATIII activity is still conserved and the heparin binding affinity is 
retained, can be produced through incubating S-ATIII at 60**C for 24 h under physiological salt 
conditions (Larsson et al, J. BiOL. Chem., 276: 1 1996-2002 (2001)). 
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To determine which form(s) of ATIII is capable of inhibiting retrovirus infectivity, the 
R-ATin, pre-latent ATIII and L-ATIII were produced from a conunercially available S-ATIII 
(serum purified bovine S-ATIII; Sigma Chemical Co., St. Louis, MO, USA; 0.2-0.4 U/ng)). 
R-ATin was obtained by incubating this S-ATIH (200 ^g/ml) for at 37°C in 20 mM Tris-HCl 
5 (pH 8.0) containing 150 mM NaCl and 2.5 U/ml porcine pancreatic elastase (Calbiochem- 
Novabiochem Corporation, San Diego, CA, USA; order No. 324682. Essentially complete 
conversion of S-ATIII to R- ATIII was obtained under these digestion conditions (FIG. 3 A; 
O'Reilly et al, SCIENCE, 255:1926-8 (1999)). In select studies, S-ATIII was digested in PBS 
using an immobilized V-8 Protease Kit (PIERCE) for 1 h at 4°C, according manufacturer's 
10 procedure. 

X4 HTLV-IIIB (hereinafter X4 HIV; Chang et aL Nature, 363: 466-9 (1 993)), a 

p 

p prototypical T-tropic strain of HIV (American Type Tissue Collection, Monassass, VA, USA; 
^ ATCC No. CRL-8543), was used to assess the effect of ATIII on T-tropic HIV infection. The 
y1 quantity of virus in a specified suspension volume (e.g., 0.1 ml) that will infect 50% of a number 
15 (n) of cell culture microplate wells, or tubes, is termed the Tissue Culture Infectious Dose 50 
i^^ [TCID50]. TCID50 is used as an alternative to determining virus titre by plaqueing (which gives 

,U values as PFUs or plaque- forming units). Karber, 1 93 1 . 

Hi 

m Human T lymphoblastoid cells (H9 cells) expressing the human leukocyte antigen 

O 

proteins (HLA) B6, Bw62, and Cw3 were acutely infected with X4 HIV at a MOI of 1x10'^ 
20 TCED50 per milliliter. The infected H9 cells were resuspended to 5 x 10^ cells/ml in R20 cell 
culture medium. Two milliliters of this suspension was pipetted into each well of a 24-well 
microliter plate. 

PMl macrophage-like-cells were acutely infected with R5 HIVjr<:sf (hereinafter R5 
HIV; Koyanagi, et aL, SCIENCE, 236: 819-22, (1987)) to examine the ability of ATIII to affect 
25 monocytropic HIV infection. The R5 HIV isolate, JR-CSF was originally obtained from the 
cerebrospinal fluid of an HIV-infected individual at autopsy. This strain shows properties 
characteristic of a primary HIV isolates, e.g., it replicates efficiently in primary blood cells but 
not in cell lines. That is, JR-CSF exhibits properties more characteristics of clinical HIV isolates 
obtained directly from the HIV patient. It is now a standard reference strain representing 
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macrophage tropic strains of HIV. PMl cells were acutely infected with HIYhib at a MOI of 
1x10"^ TCID50 per miUiliter. 

Simian immunodeficiency virus (SIV) belongs to the family Retroviridae (subfamily 
Lentivirinae) and is closely related to human immunodeficiency virus types 1 and 2 (HIV-1 and 
5 HIV-2), the etiologic agents of AIDS. Originally reported in 1985, the first isolate from a rhesus • 
macaque was called simian T-lymphotropic virus III (STLV-III). The SIVmac239 viral strain 
(hereinafter SIV239; P. Johnson, Harvard Medical School, Boston, MA, USA) used in these 
studies is a dual-tropic infectious virus that induces ADDS in rhesus macaque monkeys. 

SHIVku-1 (Narayan and Joag, AIDS Research and Reference Program, Division of AIDS, 
P NIADS, Bethesda, MD, USA) is a second dual-tropic strain of SIV used in these studies. 
% SHIVku-1 is a biologically-pure suspension of SHIV that is highly pathogenic in pigtailed 
m macaques. The virus was derived by sequential passage of the molecular construct of 
m SrV(mac)239XHIV-l-HxB2 through bone marrow of pigtailed macaque monkeys (Joag et al, J. 
h Virology, 70: 3189-3197 (1996)). 

15 The cell tropism of SIV in culture depends partially on the strain of virus propagated and 

conditions of cell culture. In the present studies, macaque T-cell line SEM-174 cells were 

nl 

m acutely infected with either SIV239 or SHIVku-i at a MOI of 1x10'^ TCID50 per milliliter. 

O 

pj As shown in FIG. 3B, R-ATIII inhibited X4 virus with half-maximal inhibition (ID50) at 

approximately 25 [ig/ml. The S-ATIII was more potent than R-ATIII and displayed, with an 

20 ID50 at 10 jig/ml (-3 U/ml), activity comparable to the CD8^ T-cell modified form of ATIII 

(FIG. 3B). This is similar to the ID50 (5.5 jig/ml), which was measured for the mATIII and with 
130 nM similar to that found for Stromal-Derived-Factor (SDF-1), the only natural occurring 
ligand found binding the CXCR4 coreceptor (Geiben-Lynn et ai, J. ViROL,, 75: 8306-16 
(2001)). 

25 As shown in FIG. 4, S-ATIII and R-ATIII-mediated antiviral activity was resistant to 

inactivation by heat-treatment, as well as pre-latent ATIII inhibited X4 HIV infectivity (FIG. 
4A). ATIII-mediated antiretroviral activity was not due to cytotoxicity because ATIII treatment 
did not affect cell viability or cell growth as judged by Trypan blue dye exclusion (data not 
shown). At a concentration of 50 |ag/ml (15 U/ml), the S-ATIII inhibited SIV and HSIV 

30 infectivity by 92 and 91%, respectively (FIG. 4B). R-ATIII inhibited the simian retroviral 
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Strains to a lesser extent with 36 and 57% suppression of SIV core protein (p27), respectively 
(FIG. 4B). 

This purified protein was of similar molecular size, but was not the same as a previously 
described CDS'^T-cell antiviral factor, CAF (Levy et al, Immunol. Today, 7 7: 217-24 (1996)). 
5 That is, the purified ATIII-like protein of the present invention is similar in size to CAF and its 
ability to inhibit X4 viruses but different in regard to heat stability (Geiben-Lynn et al, J. 
Virol., 75\ 8306-16 (2001)). CAF has not been defined at a molecular level, however, and it 
has only been tested as an unfractionated supematant. The anti-HIV activity of CAF may reflect 
multiple factors involved with different points of inhibition in the life cycle of HIV. 

10 Purified CDS"^ T-cell ATIII is a molecularly distinct form of ATIII. Native, unmodified 

ATIII has a molecular weight of 54-65 kDa, whereas the purified ATIII form CD8"^ T-cells was 
43 kDa as judged by SDS-PAGE analysis. Purified CDS"" T-cell ATIII is smaller than the 



n 



ni 
m 
o 

»15 



m S-ATIII and elutes fi'om a heparin Sepharose column at lower salt concentration (350 mM NaCl 
gi versus 1 M NaCl). Purified CDS T-cell ATIII is also smaller that R- ATIII and does not 
^ dissociate under reducing conditions used in the SDS-PAGE. Finally, purified CDS"^ T-cell 

5 ATIII and pre-latent ATIII displayed similar anti-HIV potency in vitro but they differ in 

Q 

molecular weight. 

Under the conditions of enzyme pretreatment, V8 protease preferentially digests the 
heparin-binding domain of ATIII. Accordingly, the lack of antiretroviral activity in ATIII 
20 preparation pretreated with V8 protease suggests that the heparin-binding domain of ATIII is 
important for antiviral activity (FIG. 4A). ATIII has been shown to bind to the syndecan family 
of proteoglycans, which may mediate these biological activities. In this regard, HIV, SIV, and 
SHIV have a requirement for syndecans for attachment which facilitate HIV/SIV entry into cells 
(Valenzuela-Femandez et al, J. BlOL. Chem., 276: 26550-8 (2001); Saphire et al, J. ViROL., 75: 
25 9187-200 (2001)), ATIII appears to interact with the HlV-syndecan binding domain and that 
ATIII inhibits HIV entry into cells, which might be synergistic with other pathways. As such, 
ATIII and other serine protease inhibitors offer the potential for improved efficacy and 
diminished toxicity in the treatment of HIV and other viral diseases. 
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11. Use of the Present Invention for the Treatment, Prevention and 

Detection of Retroviral Infection 

The invention includes the use of a composition comprising substantially purified ATIII. 
ATIII is capable of inhibiting the infectivity of HIV as described herein, and thus is useful in 
5 methods for the prevention of HIV infection in a patient or for inhibiting the infectivity of HIV 
containing bodily fluids. The ATIII to be used in the present invention is not particularly limited 
as long as it has been purified to the extent that it can be used as a pharmaceutical agent. For 
example, it can be purified from whole blood, blood plasma, serum or serum obtained by 
compression of coagulated blood. The starting material for preparing ATIII may be, for 

10 example, fraction IV- 1 or IV, or supernatant I or II+III obtained by Cohn's fractionation of blood 
plasma. ATIII can also be prepared by, for example, E. coli, cell culture (e.g., EP-339919 to 

% Isahiko et al.), genetic engineering (e.g., EP-90505 to Botsuku and Roon), transgenic animal 

S (Larrik and Thomas, CuRR. Opin. Biotechnol. 12: 41111-41118 (2001); Edmunds et ai, 

?j Blood 12: 4561-4571 (1998)), and the like. Alternatively, a commercially available ATIII 

Q preparation can be used. 

Compositions comprising substantially purified ATIII may include ATIII alone, or in 
combination with other proteins. ATIII may be substantially purified by any of the methods well 
pj known to those skilled in the art. Substantially pure protein may be purified by following known 

iff 

11 procedures for protein purification, wherein an immunological, chromatographic, enzymatic or 
W other assay is used to monitor purification at each stage in the procedure. Protein purification 

methods are well known in the art, and are described, for example in Deutscher et al, Guide to 
Protein Purification, Harcourt Brace Jovanovich, San Diego (1990). ATIII can be purified by 
a method described in, for example, U.S. Pat No. 3,842,061 to Anderson et aL and U.S. Pat. No. 
4,340,589 to Uemura et al 

25 In one embodiment, the ATIII of the invention is a component of a pharmaceutical 

composition, which may also comprise buffers, salts, other proteins, and other ingredients 
acceptable as a pharmaceutical composition. The invention also includes a modified form of 
ATIII, which is capable of contacting HIV and inhibiting the infectivity of HIV as described 
herein. The modified ATIII may be used as a component of a composition for use in a method 

30 for prevention of HIV infection of a patient or in the inhibition of HIV infectivity of biological 
fluids. 



W 
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The ATin of the invention may be a molecule that comprises the protein alone, or may 
include other components, such as protein or other carbohydrate, or another molecule that may 
be covalently linked to the ATin, or may be non-covalently associated with the ATIIL 

The ATIII of the invention may be generated by enzymatic digestion or chemical 
5 treatment of the full protein ATIIL Chemical treatment methods may include, for example, 
digestion using mild acid hydrolysis, treatment with 0.9 M guanidine (Carrell et al. Nature, 
353: 576-8 (1991)) or incubating S-ATHI in 0.25 mM trisodium citrate at 60^C for 18 hours 
(Warden et al, BIOCHEMISTRY, 36: 13133-42 (1997)). Enzymatic digestion methods may 
include, for example, digestion using an elastase or other protease. Enzymatic digestion methods 
10 may also include, for example, digestion using a specific exoglycosidase {e.g., neuraminidase, 
K mannosidase, fucosidase) or a specific endoglycosidase {e.g., N-glycanase, 0-glycanase). 



m 



In another embodiment, the ATIII of the invention may be prepared using a biochemical 

S| synthesis method. Biochemical methods for synthesizing proteins are well known to those 

m 

skilled in the art. 

i=ft 

The ability to contact HIV virion may be assessed using assays described herein in the 
O Examples section. For example, the virus may be incubated with the molecule comprising an 

fil ATIII of the invention, placed over a sucrose cushion, and centrifuged. The virus pellet obtained 

[ft 

is resuspended, concentrated with trichloroacetic acid (TCA) to concentrate the proteins, and 
aliquots of the pellet and supematant are analyzed by Westem blotting using antibodies to p24 
20 (Nagashurmugam and Friedman, DNA Cell Biol. 15: 353-61 (1996)) or by an ELISA method. 

In yet another embodiment, the molecule comprising the ATIII of the invention is 
capable of inhibiting the infectivity of HIV in a patient by contacting an HIV virion. The 
molecule comprising the ATIII of the invention is included as a component in a pharmaceutical 
composition that may be administered to a patient to inhibit HIV infectivity or to prevent 
25 infection by HIV. The inhibition of infectivity of HIV by the molecule comprising the ATIII of 
the invention may be assessed as described herein. Such methods may include p24 assay, 
reverse transcriptase activity assay or TCID50. 

The invention also includes an antibody that is capable of specifically binding to ATIII. 
The antibody of the invention may be a monoclonal or a polyclonal antibody, or may be a 
30 synthetic, humanized or phage displayed antibody. Antibodies can be intact immunoglobulins 
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derived from natural sources or from recombinant sources and can be immunoreactive portions 
of intact immunoglobulins. Antibodies are typically tetramers of immunoglobulin molecules. 
The antibodies in the present invention may exist in a variety of forms including, for example, 
polyclonal antibodies, monoclonal antibodies, Fv, Fab and F(ab)2, as well as single chain 
5 antibodies and humanized antibodies (Harlow et aL, 1988, ANTIBODIES: A Laboratory 

Manual, Cold Spring Harbor, N.Y.; Houston et aL, Proc. Natl. Acad. Sci. USA 85: 5879-83 
(1988); Bird et aL, SCIENCE, 242: 423-6 (1988)). By the term "synthetic antibody" as used 
herein, is meant an antibody which is generated using recombinant DNA technology, such as, for 
example, an antibody expressed by a bacteriophage as described herein. The term should also be 
10 construed to mean an antibody which has been generated by the synthesis of a DNA molecule 
encoding the antibody and which DNA molecule expresses an antibody protein, or an amino acid 

0 sequence specifying the antibody, wherein the DNA or amino acid sequence has been obtained 

1 z 

^ using synthetic DNA or amino acid sequence technology which is available and well known in 

21 the art. 

u 

}.5 The invention also includes a kit for detecting a protein that inhibits the infectivity of 

? HIV. The proteins include ATIII. The kit of the invention, may, for example, be an ELISA kit, 
which includes an antibody, a detection reagent, and a reaction surface. In one embodiment, the 
antibody is an antibody of the invention that specifically binds with ATIII. The antibody may be 
O any type of antibody described herein and may be made using any of the methods described 
56 herein. The reaction surface may be a microtiter plate, such as an ELISA plate. The detection 
reagent may be any detection reagent known to those skilled in the art. For example, the 
detection reagent may be an enzyme, or a radionucleotide. In one embodiment, the kit of the 
invention is an ELISA kit for detecting the presence of ATIII in a bodily fluid such as serum of a 
human patient. 

25 The kit may include a microwell plate, an antibody that is capable of specifically binding 

either ATIII, and a secondary enzyme capable of binding the antibody of the invention and also 
horseradish peroxidase. The ELISA kit of the invention may be used, for example, to carry out 
an ELISA assay of a bodily fluid of a patient, such as a serum sample. The assay may be used to 
detect and quantify levels of ATIII present in the serum of the patient. The quantity of ATIII in 

30 the patient's serum may be correlated with the ability of the patient's serum to inhibit the 
infectivity of HIV. 
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In another embodiment, the kit of the invention is a Western Blotting or dot blotting kit 
for detecting the presence of ATIII in a bodily fluid such as serum of a human patient. 

The kits of the present invention may be used, for example, to assess the susceptibility of 
a patient to HIV infe.ction. Patients with high susceptibility to HIV infection due to low levels of 
5 ATIII may be treated with one of the pharmaceutical compositions of the invention to enhance 
resistance of these individuals to HIV infection. The correlation between the levels of ATIII 
with the ability of a patient to inhibit the infectivity of HIV is established using the procedures 
described in the Experimental Examples presented herein. 

The invention also includes a method of inhibiting the infectivity of HIV in bodily fluids, 
10 or in infective oral secretions. The method is useful in preventing HIV infection, or inhibiting 
the infectivity of HIV. This method can be used, for example to inhibit the infectivity of 

O biological fluids, for example in a hospital setting where medical personnel are exposed to 

HI 

--| infectious HIV secretions. 

In one embodiment, the method comprises contacting an HIV virion with the human 
F3 ATni compositions described herein. In one embodiment, the ATIII composition may comprise 
O substantially purified ATIII. The sample from a patient containing the HIV virion may be 

fu obtained from any sample of bodily fluid, such as blood, plasma, serum, semen, cervical 

W 

^ secretions, saliva, urine, breast milk, or amniotic fluids. In one embodiment, a composition 
ry comprising substantially purified ATIII is contacted with an HIV virion from a sample of a 
20 patient for a period of time sufficient for the ATIII to inhibit the infectivity of HIV. The 
inhibition of the infectivity of HIV can be assessed as described herein in the Examples. 

In another embodiment, the method of inhibiting the infectivity of HIV comprises 
contacting an HIV virion obtained from a bodily fluid sample of a patient with a composition 
having a surface which contains a substantially purified human ATIII associated with said 

25 surface. Examples of such surfaces include plastic or other polymer surfaces, which are inert to 
reaction with bodily fluids, and are considered biocompatible. In one embodiment of the method 
of the invention, the composition having substantially purified human ATIII associated with the 
surface is contacted with a body fluid of a patient or an infective oral secretion that contains an 
HIV virion. The composition is contacted or incubated with the sample of bodily fluid 

30 containing the HIV virion for a period of time sufficient to inhibit the infectivity of HIV. The 
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inhibition of the infectivity of HIV can be assessed as described herein in the Examples section. 
For example, parameters that are used to assess HIV replication, such as, for example, the 
presence or absence of HIV specific components, such as nucleic acid or protein, or in the latter 
case, the activity of HIV specific components, such as reverse transcriptase, may be used to 
5 assess inhibition of HIV in a sample. 

The invention encompasses the preparation and use of pharmaceutical compositions 
comprising a compound useful for the prevention of HIV infection or inhibition of HIV 
infectivity as an active ingredient. Such a pharmaceutical composition may consist of the active 
ingredient alone, in a form suitable for administration to a subject, or the pharmaceutical 
10 composition may comprise the active ingredient and one or more pharmaceutically acceptable 
1=^ carriers, one or more additional ingredients, or some combination of these. The active ingredient 
may be present in the pharmaceutical composition in the form of a physiologically acceptable 
ester or salt, such as in combination with a physiologically acceptable cation or anion, as is well 



D 

ijl 

si 

i jl known in the art. Further, the ATIII (or biologically active analog thereof) used in the present 



invention may contain pharmacologically acceptable additives (e.g., carrier, excipient and 
diluent), stabilizers or components necessary for formulating preparations, which are generally 
used for pharmaceutical products, as long as it does not adversely affect the object of the present 



mvention. 

\S\ 

Examples of the additives and stabilizers include saccharides such as monosaccharides 

RJ 

20 (e.g., glucose and fixictose), disaccharides (e.g., sucrose, lactose and maltose) and sugar alcohols 
(e.g., mannitol and sorbitol); organic acids such as citric acid, maHc acid and tartaric acid and 
salts thereof (e.g., sodium salt, potassium salt and calcium salt); amino acids such as glycine, 
aspartic acid and glutamic acid and salts thereof (e.g., sodium salt); surfactants such as 
polyethylene glycol, polyoxyethylene-polyoxypropylene copolymer and 

25 polyoxyethylenesorbitan fatty acid ester; heparin; and albumin. 

The formulations of the pharmaceutical compositions described herein may be prepared 
by any method known or hereafter developed in the art of pharmacology. In general, such 
preparatory methods include the step of bringing the active ingredient into association with a 
carrier or one or more other accessory ingredients, and then, if necessary or desirable, shaping or 
30 packaging the product into a desired single- or muUi-dose unit. 
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Although the descriptions of pharmaceutical compositions provided herein are principally 
directed to pharmaceutical compositions which are suitable for ethical administration to humans, 
the skilled artisan will understand that such compositions are generally suitable for 
administration to animals of all sorts. Modification of pharmaceutical compositions suitable for 
5 administration to humans in order to render the compositions suitable for administration to 
various animals is well understood, and the ordinarily skilled veterinary pharmacologist can 
design and perform such modification with merely ordinary, if any, experimentation. Subjects to 
which administration of the pharmaceutical compositions of the invention is contemplated 
include, but are not limited to, humans and other primates. 

10 Pharmaceutical compositions that are useful in the methods of the invention may be 

f=& prepared, packaged, or sold in formulations suitable for oral, rectal, vaginal, parenteral, topical, 

^ pulmonary, intranasal, buccal, ophthalmic, or another route of administration. The preferred 

Ul mode is intravenous administration. 

The ATIII and the above-mentioned ingredients are admixed as appropriate to give 

yes 

powder, granule, tablet, capsule, syrup, injection and the like. Other contemplated formulations 
include projected nanoparticles, liposomal preparations, resealed erythrocytes containing the 
active ingredient, and inmiunologically based formulations. 

A pharmaceutical composition of the invention may be prepared, packaged, or sold in 
ry bulk, as a single unit dose, or as a plurality of single unit doses. As used herein, a "unit dose" is 
20 discrete amount of the pharmaceutical composition comprising a predetermined amount of the 
active ingredient. The amount of the active ingredient is generally equal to the dosage of the 
active ingredient which would be administered to a subject or a convenient fraction of such a 
dosage such as, for example, one-half or one-third of such a dosage. 

The relative amounts of the active ingredient, the pharmaceutically acceptable carrier, 
25 and any additional ingredients in a pharmaceutical composition of the invention will vary, 
depending upon the identity, size, and condition of the subject treated and further depending 
upon the route by which the composition is to be administered. By way of example, the 
composition may comprise between 0.1% and 100% (w/w) active ingredient. 

In addition to the active ingredient, a pharmaceutical composition of the invention may 
30 further comprise one or more additional pharmaceutically active agents. 



m 
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Particularly contemplated additional agents include anti-emetics and scavengers such as 
cyanide and cyanate scavengers. Controlled- or sustained-release formulations of a 
pharmaceutical composition of the invention may be made using conventional technology. 

A formulation of a pharmaceutical composition of the invention suitable for oral 
5 administration may be prepared, packaged, or sold in the form of a discrete solid dose unit 

including, but not limited to, a tablet, a hard or soft capsule, a cachet, a troche, or a lozenge, each 
containing a predetermined amount of the active ingredient. Other formulations suitable for oral 
administration include, but are not limited to, a powdered or granular formulation, an aqueous or 
oily suspension, an aqueous or oily solution, or an emulsion. 

10 A tablet comprising the active ingredient may, for example, be made by compressing or 

U molding the active ingredient, optionally with one or more additional ingredients. Compressed 

S tables may be p,^ared by oompressmg. in a sutoble device. ,he active ingredient in a 

Si free-flowing form such as a powder or granular preparation, optionally mixed with one or more 
ff! 

r,. of a binder, a lubricant, an excipient, a surface active agent, and a dispersing agent. Molded 

y tablets may be made by molding, in a suitable device, a mixture of the active ingredient, a 

3 

□ pharmaceutically acceptable carrier, and at least sufficient liquid to moisten the mixture. 

^ Pharmaceutically acceptable excipients used in the manufacture of tablets include, but are not 

Ul limited to, inert diluents, granulating and disintegrating agents, binding agents, and lubricating 

O 

pj agents. Known dispersing agents include, but are not limited to, potato starch and sodium starch 
20 glycoUate. Known surface-active agents include, but are not limited to, sodium lauryl sulphate. 
Known diluents include, but are not limited to, calcium carbonate, sodium carbonate, lactose, 
microcrystalline cellulose, calcium phosphate, calcium hydrogen phosphate, and sodium 
phosphate. Known granulating and disintegrating agents include, but are not limited to, com 
starch and alginic acid. Known binding agents include, but are not limited to, gelatin, acacia, 
25 pre-gelatinized maize starch, polyvinylpyrrohdone, and hydroxypropyl methylcellulose. Known 
lubricating agents include, but are not limited to, magnesium stearate, stearic acid, silica, and 
talc. 

Tablets may be non-coated or they may be coated using known methods to achieve 
delayed disintegration in the gastrointestinal tract of a subject, thereby providing sustained 
30 release and absorption of the active ingredient. By way of example, a material such as glyceryl 
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monostearate or glyceryl distearate may be used to coat tablets. Further by way of example, 
tablets may be coated using methods described in U.S. Pat. Nos. 4,256,108 to Theeuwes; 
4,160,452 to Theeuwes; and 4,265,874 to Bonsen et al, to form osmotically controlled release 
tablets. Tablets may further comprise a sweetening agent, a flavoring agent, a coloring agent, a 
5 preservative, or some combination of these in order to provide pharmaceutically elegant and 
palatable preparation. 

Hard capsules comprising the active ingredient may be made using a physiologically 
degradable composition, such as gelatin. Such hard capsules comprise the active ingredient, and 
may further comprise additional ingredients including, for example, an inert solid diluent such as 
1 0 calcium carbonate, calcium phosphate, or kaolin. 

Soft gelatin capsules comprising the active ingredient may be made using a 

O physiologically degradable composition, such as gelatin. Such soft capsules comprise the active 

%| ingredient, which may be mixed with water or an oil medium such as peanut oil, liquid paraffin, 

Tl or olive oil. 

^ Liquid formulations of a pharmaceutical composition of the invention which are suitable 

O for oral administration may be prepared, packaged, and sold either in liquid form or in the form 

pj of a dry product intended for reconstitution with water or another suitable vehicle prior to use. 

m 

Cl Liquid suspensions may be prepared using conventional methods to achieve suspension 

of the active ingredient in an aqueous or oily vehicle. Aqueous vehicles include, for example, 

20 water and isotonic saline. Oily vehicles include, for example, ahnond oil, oily esters, ethyl 

alcohol, vegetable oils such as arachis, olive, sesame, or coconut oil, fractionated vegetable oils, 
and mineral oils such as liquid paraffin. Liquid suspensions may further comprise one or more 
additional ingredients including, but not limited to, suspending agents, dispersing or wetting 
agents, emulsifying agents, demulcents, preservatives, buffers, salts, flavorings, coloring agents, 

25 and sweetening agents. Oily suspensions may further comprise a thickening agent. Known 
suspending agents include, but are not limited to, sorbitol syrup, hydrogenated edible fats, 
sodium alginate, polyvinylpyrrolidone, gum tragacanth, gum acacia, and cellulose derivatives 
such as sodium carboxymethylcellulose, methylcellulose, hydroxypropylmethylcellulose. 
Known dispersing or wetting agents include, but are not limited to, naturally-occurring 

30 phosphatides such as lecithin, condensation products of an alkylene oxide with a fatty acid, with 
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a long chain aliphatic alcohol, with a partial ester derived from a fatty acid and a hexitol, or with 
a partial ester derived from a fatty acid and a hexitol anhydride (e.g., polyoxyethylene stearate, 
heptadecaethyleneoxycetanol, polyoxyethylene sorbitol monooleate, and polyoxyethylene 
sorbitan monooleate, respectively). Known emulsifying agents include, but are not limited to, 
5 lecithin and acacia. Known preservatives include, but are not limited to, methyl, ethyl, or 
n-propyl-para-hydroxybenzoates, ascorbic acid, and sorbic acid. Known sweetening agents 
include, for example, glycerol, propylene glycol, sorbitol, sucrose, and saccharin. Known 
thickening agents for oily suspensions include, for example, beeswax, hard paraffin, and acetyl 
alcohol. 

10 Liquid solutions of the active ingredient in aqueous or oily solvents may be prepared in 

substantially the same manner as liquid suspensions, the primary difference being that the active 

O 

p ingredient is dissolved, rather than suspended in the solvent. Liquid solutions of the 
'^l pharmaceutical composition of the invention may comprise each of the components described 
Bl with regard to liquid suspensions, it being understood that suspending agents will not necessarily 
^ aid dissolution of the active ingredient in the solvent. Aqueous solvents include, for example, 

water and isotonic saline. Oily solvents include, for example, almond oil, oily esters, ethyl 
Hfe alcohol, vegetable oils such as arachis, olive, sesame, or coconut oil, fractionated vegetable oils, 

as s 

^ and mineral oils such as liquid paraffin. 

b 

Powdered and granular formulations of a pharmaceutical preparation of the invention 
20 may be prepared using known methods. Such formulations may be administered directly to a 
subject, used, for example, to form tablets, to fill capsules, or to prepare an aqueous or oily 
suspension or solution by addition of an aqueous or oily vehicle thereto. Each of these 
formulations may further comprise one or more of dispersing or wetting agent, a suspending 
agent, and a preservative. Additional excipients, such as fillers and sweetening, flavoring, or 
25 coloring agents, may also be included in these formulations. 

A pharmaceutical composition of the invention may also be prepared, packaged, or sold 
in the form of oil-in- water emulsion or a water-in-oil emulsion. The oily phase may be a 
vegetable oil such as oHve or arachis oil, a mineral oil such as liquid paraffin, or a combination 
of these. Such compositions may fiirther comprise one or more emulsifying agents such as 
30 naturally occurring gums such as gum acacia or gxmi tragacanth, naturally-occurring 
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phosphatides such as soybean or lecithin phosphatide, esters or partial esters derived from 
combinations of fatty acids and hexitol anhydrides such as sorbitan monooleate, and 
condensation products of such partial esters with ethylene oxide such as polyoxyethylene 
sorbitan monooleate. These emulsions may also contain additional ingredients including, for 
5 example, sweetening or flavoring agents. 

A pharmaceutical composition of the invention may be prepared, packaged, or sold in a 
formulation suitable for rectal administration. Such a composition may be in the form of, for 
example, a suppository, a retention enema preparation, and a solution for rectal or colonic 
irrigation. 

10 Suppository formulations may be made by combining the active ingredient with a non- 

^ irritating pharmaceutically acceptable excipient which is solid at ordinary room temperature (i.e., 
O about 20°C) and which is liquid at the rectal temperature of the subject (Le., about 37°C in a 
healthy human). Suitable pharmaceutically acceptable excipients include, but are not limited to, 
cocoa butter, polyethylene glycols, and various glycerides. Suppository formulations may 
y§ further comprise various additional ingredients including, but not limited to, antioxidants and 



P 



preservatives. 

Retention enema preparations or solutions for rectal or colonic irrigation may be made by 

^J) combining the active ingredient with a pharmaceutically acceptable liquid carrier. As is well 

U 

fi| known in the art, enema preparations may be administered using, and may be packaged within, a 
20 delivery device adapted to the rectal anatomy of the subject. Enema preparations may further 

comprise various additional ingredients including, but not limited to, antioxidants and 

preservatives. 

A pharmaceutical composition of the invention may be prepared, packaged, or sold in a 
formulation suitable for vaginal administration. Such a composition may be in the form of, for 
25 example, a suppository, an impregnated or coated vaginally-insertable material such as a tampon, 
a douche preparation, a gel or cream or solution for vaginal irrigation. 

Methods for impregnating or coating a material with a chemical composition are known 
in the art, and include, but are not limited to methods of depositing or binding a chemical 
composition onto a surface, methods of incorporating a chemical composition into the structure 
30 of a material during the synthesis of the material (i.e., such as with a physiologically degradable 
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material), and methods of absorbing an aqueous or oily solution or suspension into an absorbent 
material, with or without subsequent drying. 

Douche preparations or solutions for vaginal irrigation may be made by combining the 
active ingredient with a pharmaceutically acceptable liquid carrier. As is well known in the art, 
5 douche preparations may be administered using, and may be packaged within, a delivery device 
adapted to the vaginal anatomy of the subject. 

Douche preparations may further comprise various additional ingredients including, but 
not limited to, antioxidants, antibiotics, antifungal agents, and preservatives. 

Additional delivery methods for administration of compounds include a drug delivery 
10 device, such as that described in U.S. Pat. No. 5,928,195 to Malamud et al 

y As used herein, "parenteral administration" of a pharmaceutical composition includes any 

m route of administration characterized by physical breaching of a tissue of a subject and 

p administration of the pharmaceutical composition through the breach in the tissue. Parenteral 

f", administration thus mcludes, but is not limited to, administration of a pharmaceutical 

15 composition by injection of the composition, by application of the composition through a 

n 

y^' surgical incision, by application of the composition through a tissue-penetrating non-surgical 
^ wound, and the like. In particular, parenteral administration is contemplated to include, but is 
p not limited to, subcutaneous, intraperitoneal, intramuscular, intrastemal injection, and kidney 
dialytic infusion techniques. 

20 Formulations of a pharmaceutical composition suitable for parenteral administration 

comprise the active ingredient combined with a pharmaceutically acceptable carrier, such as 
sterile water or sterile isotonic saline. Such formulations may be prepared, packaged, or sold in a 
form suitable for bolus administration or for continuous administration. Injectable formulations 
may be prepared, packaged, or sold in unit dosage form, such as in ampoules or in multi-dose 

25 containers containing a preservative. Formulations for parenteral administration include, but are 
not limited to, suspensions, solutions, emulsions in oily or aqueous vehicles, pastes, and 
implantable sustained-release or biodegradable formulations. Such formulations may further 
comprise one or more additional ingredients including, but not limited to, suspending, 
stabilizing, or dispersing agents. In one embodiment of a formulation for parenteral 

30 administration, the active ingredient is provided in dry (/.e., powder or granular) form for 
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reconstitution with a suitable vehicle (e.g„ sterile pyrogen-free water) prior to parenteral 
administration of the reconstituted composition. 

The pharmaceutical compositions may be prepared, packaged, or sold in the form of a 
sterile injectable aqueous or oily suspension or solution. This suspension or solution may be 
5 formulated according to the known art, and may comprise, in addition to the active ingredient, 
additional ingredients such as the dispersing agents, wetting agents, or suspending agents 
described herein. Such sterile injectable formulations may be prepared using a non-toxic 
parenterally-acceptable diluent or solvent, such as water or 1,3-butane diol, for example. Other 
acceptable diluents and solvents include, but are not limited to, Ringer's solution, isotonic 
10 sodium chloride solution, and fixed oils such as synthetic mono- or di-glycerides. Other 

parentally-administrable formulations that are useful include those which comprise the active 
^ ingredient in microcrystalline form, in a liposomal preparation, or as a component of a 
biodegradable polymer systems. Compositions for sustained release or implantation may 
comprise pharmaceutically acceptable polymeric or hydrophobic materials such as an emulsion, 
fi an ion exchange resin, a sparingly soluble polymer, or a sparingly soluble salt. 
W 

^" Formulations suitable for topical administration include, but are not limited to, liquid or 

semi-liquid preparations such as liniments, lotions, oil-in-water or water-in-oil emulsions such as 

M= 

fU creams, ointments or pastes, and solutions or suspensions. Topically-administrable formulations 

tfi 

may, for example, comprise from about 1% to about 10% (w/w) active ingredient, although the 
B® concentration of the active ingredient may be as high as the solubility limit of the active 

ingredient in the solvent. Formulations for topical administration may further comprise one or 
more of the additional ingredients described herein. 

A pharmaceutical composition of the invention may be prepared, packaged, or sold in a 
formulation suitable for pulmonary administration via the buccal cavity. Such a formulation may 

25 comprise dry particles which comprise the active ingredient and which have a diameter in the 
range from about 0.5 to about 7 nanometers, and preferably from about 1 to about 6 nanometers. 
Such compositions are conveniently in the form of dry powders for administration using a device 
comprising a dry powder reservoir to which a stream of propellant may be directed to disperse 
the powder or using a self-propelling solvent/powder-dispensing container such as a device 

30 comprising the active ingredient dissolved or suspended in a low-boiling propellant in a sealed 
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container. Preferably, such powders comprise particles wherein at least 98% of the particles by 
weight have a diameter greater than 0.5 nanometers and at least 95% of the particles by number 
have a diameter less than 7 nanometers. More preferably, at least 95% of the particles by weight 
have a diameter greater than 1 nanometer and at least 90% of the particles by number have a 
5 diameter less than 6 nanometers. Dry powder compositions preferably include a solid fine 
powder diluent such as sugar and are conveniently provided in a unit dose form. 

Low boiling propellants generally include liquid propellants having a boiling point of 
below 65°F at atmospheric pressure. Generally the propellant may constitute 50 to 99.9% (w/w) 

of the composition, and the active ingredient may constitute 0,1 to 20% (vv/w) of the 
10 composition. The propellant may further comprise additional ingredients such as a liquid non- 
Mr ionic or solid anionic surfactant or a solid diluent (preferably having a particle size of the same 
p order as particles comprising the active ingredient). 

I Pharmaceutical compositions of the invention formulated for pulmonary delivery may 

also provide the active ingredient in the form of droplets of a solution or suspension. Such 
formulations may be prepared, packaged, or sold as aqueous or dilute alcoholic solutions or 
L suspensions, optionally sterile, comprising the active ingredient, and may conveniently be 
administered using any nebulization or atomization device. Such formulations may further 

0=1 

ijl comprise one or more additional ingredients including, but not limited to, a flavoring agent such 
r"; as saccharin sodium, a volatile oil, a buffering agent, a surface active agent, or a preservative 
20 such as methylhydroxybenzoate. The droplets provided by this route of administration 
preferably have an average diameter in the range from about 0.1 to about 200 nanometers. 

The formulations described herein as being useful for pulmonary delivery are also useful 
for intranasal delivery of a pharmaceutical composition of the invention. 

Another formulation suitable for intranasal administration is a coarse powder comprising 
25 the active ingredient and having an average particle from about 0,2 to 500 micrometers. Such a 
formulation is administered in the manner in which snuff is taken Le., by rapid inhalation 
through the nasal passage from a container of the powder held close to the nares. 

Formulations suitable for nasal administration may, for example, comprise from about as 
little as 0.1% (w/w) and as much as 100% (w/w) of the active ingredient, and may further 
30 comprise one or more of the additional ingredients described herein. 
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A pharmaceutical composition of the invention may be prepared, packaged, or sold in a 
formulation suitable for buccal administration. Such formulations may, for example, be in the 
form of tablets or lozenges made using conventional methods, and may, for example, 0.1 to 20% 
(w/w) active ingredient, the balance comprising an orally dissolvable or degradable composition 
5 and, optionally, one or more of the additional ingredients described herein. Alternately, 
formulations suitable for buccal administration may comprise a powder or an aerosolized or 
atomized solution or suspension comprising the active ingredient. Such powdered, aerosolized, 
or aerosolized formulations, when dispersed, preferably have an average particle or droplet size 
in the range from about 0.1 to about 200 nanometers, and may further comprise one or more of 
10 the additional ingredients described herein. 

M A pharmaceutical composition of the invention may be prepared, packaged, or sold in a 

p formulation suitable for ophthalmic administration. Such formulations may, for example, be in 

^ ! the form of eye drops mcluding, for example, a 0.1-1 .0% (w/w) solution or suspension of the 

%| 

active ingredient in an aqueous or oily liquid carrier. Such drops may further comprise buffering 
y agents, salts, or one or more other of the additional ingredients described herein. Other 
1^^ ophthalmalmically-administrable formulations that are useful include those which comprise the 

?=r:r 

H: active ingredient in microcrystalline form or in a liposomal preparation. 

m 

Lm The mixture of ATin and pharmacologically acceptable additives is preferably prepared 

O 

|=|l as a lyophilized product, and dissolved when in use. Such preparation can be prepared into a 
20 solution containing about 1-100 units/ml of ATIII, by dissolving it in distilled water for injection 

or sterile purified water. More preferably, it is adjusted to have a physiologically isotonic salt 

concentration and a physiologically desirable pH value (pH 6-8). 

Arm has been shown to be well-tolerated when administered at a dose of -lOOU/kg/day 
(Warren et al, JAMA 286: 1869-78 (2001)) and has an overall elimination half-life with 18.6 h 

25 was demonstrated (Uias et al, Intensive Care Medicine 26: 7104-71 15 (2000)). While the 
dose is appropriately determined depending on symptom, body weight, sex, animal species and 
the like, it is generally 1-1,000 units/kg body weight/day, preferably 10-500 units/kg body 
weight/day of ATIII for a human adult, which is administered in one to several doses a day. In 
the case of intravenous administration, for example, the dose is preferably 10-100 units/kg body 

30 weight/day. The compound may be administered as frequently as several times daily, or it may 
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be administered less frequently, such as once a day, once a week, once every two weeks, once a 
month, or even less frequently, such as once every several months or even once a year or less. 
The frequency of the dose will be readily apparent to the skilled artisan and will depend upon 
any number of factors, such as, but not limited to, the type and severity of the disease being 
5 treated, the type and age of the animal, etc. 

The present invention further provides host cells genetically engineered to contain the 
polynucleotides encoding ATIII or analogs of ATIII and expressing the ATIII polypeptide in an 
amount sufficient to inhibit infection of the cell by HIV. Still further, the present invention 
provides a method of treating HIV infection in a subject, introducing into the subject a producer 
10 cell that expresses ATIII in a sufficient amount to inhibit infection of an endogenous cell of the 
M= subject. For example, such host cells may contain nucleic acids encoding ATIII and introduced 
Q into the host cell using known transformation, transfection or infection methods. The present 

invention still further provides host cells genetically engineered to express the polynucleotides of 
01 ATin, wherein such polynucleotides are in operative association with a regulatory sequence 
y heterologous to the host cell, which drives expression of the polynucleotides in the cell See, for 
= example, U.S. Patent No. 4,632,981 to Bock and Lawn; and EP-90505 to Botsuku and Roon. 

^: Knowledge of ATIII nucleic acid sequences allows for modification of cells to permit, or 



|3 

Iff increase, expression of endogenous polypeptide. Cells can be modified {e.g., by homologous 

D 

Pl j recombination) to provide increased polypeptide expression by replacing, in whole or in part, the 

20 naturally occurring promoter with all or part of a heterologous promoter so that the cells express 
the polypeptide at higher levels. The heterologous promoter is inserted in such a manner that it 
is operatively linked to the encoding sequences. See, for example, PCT International Publication 
No. WO94/12650 by Hartlein et a/., PCT International Publication No. WO 92/20808 by 
Smithies, and PCT International Publication No. WO 91/09955 by Chappel. It is also 

25 contemplated that, in addition to heterologous promoter DNA, amplifiable marker DNA (e.g., 
ada, dhfr, and the multifunctional CAD gene which encodes carbamyl phosphate synthase, 
aspartate transcarbamylase, and dihydroorotase) and/or intron DNA may be inserted along with 
the heterologous promoter DNA. If linked to the coding sequence, amplification of the marker 
DNA by standard selection methods results in co-amplification of the desired protein coding 

30 sequences in the cells. 
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The host cell can be a higher eukaryotic host cell, such as a mammalian cell, a lower 
eukaryotic host cell, such as a yeast cell, or the host cell can be a prokaryotic cell, such as a 
bacterial cell. Introduction of the recombinant construct into the host cell can be effected by 
calcium phosphate transfection, DEAE, dextran mediated transfection, or electroporation (Davis 
5 et al, Basic Methods in Molecular Biology (1 986)). The host cells containing a 
polynucleotide encoding ATIII, can be used in conventional manners to produce the gene 
product encoded by the isolated analog or fragment (in the case of an open reading frame) or can 
be used to produce a heterologous protein under the control of the EMF. 

Any host/vector system can be used to express one or more ATIII protein forms. 
10 Potential hosts include, but are not limited to, eukaryotic hosts such as HeLa cells, Cv-1 cell, 

H= COS cells, 293 cells, and Sf9 cells, as well as prokaryotic host such as E. coli and B, subtilis, 

n 

p The most preferred cells are those which do not normally express the particular polypeptide or 

^ protein or which expresses the polypeptide or protein at low natural level. Mature proteins can 

ff^ be expressed in mammalian cells, yeast, bacteria, or other cells under the control of appropriate 



sir 



y promoters. Cell-free translation systems can also be employed to produce such proteins using 

RNAs derived from the DNA constructs of the present invention. Appropriate cloning and 
h'^ expression vectors for use with prokaryotic and eukaryotic hosts are described by Sambrook et 
Ijj al, in Molecular Cloning: A Laboratory Manual, Second Edition, Cold Spring 
Harbor, New York (1989), the disclosure of which is hereby incorporated by reference. 

ru 

20 Various mammalian cell culture systems can also be employed to express recombinant 

ATIII protein. Examples of mammalian expression systems include the COS-7 lines of monkey 
kidney fibroblasts, described by Gluzman, Cell, 23:175-82 (1981). Other cell lines capable of 
expressing a compatible vector are, for example, the CI 27, monkey COS cells, Chinese Hamster 
Ovary (CHO) cells, human kidney 293 cells, human epidermal A431 cells, human Colo205 cells, 

25 3T3 cells, CV-1 cells, other transformed primate cell lines, normal diploid cells, cell strains 
derived from in vitro culture of primary tissue, primary explants, HeLa cells, mouse L cells, 
BHK, HL-60, U937, HaK or Jurkat cells. Mammalian expression vectors will comprise an 
origin of replication, a suitable promoter and also any necessary ribosome binding sites, 
polyadenylation site, splice donor and acceptor sites, transcriptional termination sequences, and 

30 5 ' flanking nontranscribed sequences. DNA sequences derived from the S V40 viral genome, for 
example, S V40 origin, early promoter, enhancer, splice, and polyadenylation sites may be used 
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to provide the required nontranscribed genetic elements. Recombinant polypeptides and proteins 
produced in bacterial culture are usually isolated by initial extraction from cell pellets, followed 
by one or more salting-out, aqueous ion exchange or size exclusion chromatography steps. 
Protein refolding steps can be used, as necessary, in completing configuration of the mature 
5 protein. Finally, high performance liquid chromatography (HPLC) can be employed for final 
purification steps. Microbial cells employed in expression of proteins can be disrupted by any 
convenient method, including freeze-thaw cycling, sonication, mechanical disruption, or use of 
cell lysing agents. 

The present invention also provides a method of treating HIV infection where a DNA 
10 encoding a serpin, e.g., ATIII, or analog thereof, is introduced into a cell susceptible to HIV 

infection and expressed in a sufficient amount to inhibit infection of the cell by the HIV. That is, 
□ the invention provides gene therapy to treat retrovirus-induced disease states involving serpin, 
e.g., ATIII. Delivery of a fimctional gene encoding serpin to appropriate cells is effected ex vivo, 
in situ, or in vivo by use of vectors, and more particularly viral vectors (e.g., adenovirus, adeno- 

m 

\^ associated virus, or a retrovirus), or ex vivo by use of physical DNA transfer methods {e.g., 

liposomes or chemical treatments). See, for example, Anderson, Nature, 392(6679SuppL)\ 25- 
30 (1998); see also, Friedmann, Science, 244: 1275-81 (1989); Verma, Sci. Am., 263: 68-84 
(1990); Miller, Nature, 357\ 455-60 (1992). Introduction of a serpin gene encoding the can 
also be accomplished with extrachromosomal substrates (transient expression) or artificial 
W chromosomes (stable expression). Cells may also be cultured ex vivo in the presence of serpin in 
order to proliferate or to produce a desired effect on or activity in such cells. Treated cells can 
then be introduced in vivo for therapeutic purposes. Alternatively, it is contemplated that 
antisense therapy or gene therapy could be applied to negatively regulate the expression of 
serpins of the invention. 

25 Other methods inhibiting expression of a protein include the introduction of antisense 

molecules to the nucleic acids of the present invention, their complements, or their translated 
RNA sequences, by methods known in the art. Further, the serpins can be inhibited by using 
targeted deletion methods, or the insertion of a negative regulatory element such as a silencer, 
which is tissue specific. 
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The present invention still further provides cells genetically engineered in vivo to express 
polynucleotides encoding serpin, e.g., ATin, wherein such polynucleotides are in operative 
association with a regulatory sequence heterologous to the host cell which drives expression of 
the polynucleotides in the cell. These methods can be used to increase or decrease the 
5 expression of the serpin polynucleotides. 

Li another embodiment of the present invention, cells and tissues may be engineered to 
express an endogenous gene comprising serpin, e.g,, ATIII, under the control of inducible 
regulatory elements, in which case the regulatory sequences of the endogenous gene may be 
replaced by homologous recombination. As described herein, gene targeting can be used to 
10 replace a gene's existing regulatory region with a regulatory sequence isolated from a different 
gene or a novel regulatory sequence synthesized by genetic engineering methods. Such 
regulatory sequences may be comprised of promoters, enhancers, scaffold-attachment regions, 

m negative regulatory elements, transcriptional initiation sites, regulatory protein binding sites or 

S] 

^ combinations of said sequences. Altematively, sequences which affect the structure or stability 

H of the RNA or protein produced may be replaced, removed, added, or otherwise modified by 

W 

5 targeting. These sequence include polyadenylation signals, mRNA stability elements, splice 
y, sites, leader sequences for enhancing or modifying transport or secretion properties of the 

protein, or other sequences which alter or improve the function or stability of protein or RNA 
Q molecules. 

ni 

20 In all the above embodiments involving augmentation of cellular serpin, e.g., ATIII, 

expression, the targeting event may be a simple insertion of the regulatory sequence, placing the 
gene imder the control of the new regulatory sequence, e.g., inserting a new promoter or 
enhancer or both upstream of a gene. Altematively, the targeting event may be a simple deletion 
of a regulatory element, such as the deletion of a tissue-specific negative regulatory element. 

25 Altematively, the targeting event may replace an existing element; for example, a tissue-specific 
enhancer can be replaced by an enhancer that has broader or different cell-type specificity than 
the naturally occurring elements. Here, the naturally occurring sequences are deleted and new 
sequences are added. In all cases, the identification of the targeting event may be facilitated by 
the use of one or more selectable marker genes that are contiguous with the targeting DNA, 

30 allowing for the selection of cells in which the exogenous DNA has integrated into the host cell 
genome. The identification of the targeting event may also be facilitated by the use of one or 
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more marker genes exhibiting the property of negative selection, such that the negatively 
selectable marker is linked to the exogenous DNA, but configured such that the negatively 
selectable marker flanks the targeting sequence, and such that a correct homologous 
recombination event with sequences in the host cell genome does not result in the stable 
5 integration of the negatively selectable marker. Markers useful for this purpose include the 
Herpes Simplex Virus thymidine kinase (TK) gene or the bacterial xanthine-guanine 
phosphoribosyl-transferase (gpt) gene. 

The gene targeting or gene activation techniques which can be used in accordance with 
this aspect of the invention are more particularly described in U.S. Patent No. 5,272,071 to 

10 Chappel; U.S. Patent No. 5,578,461 to Sherwin et al \ International Application No. 
PCT/US92/09627 (WO93/09222) by Selden et aL ; and International Application No. 

□ PCT/US90/06436 (W09 1/06667) by Skoultchi et aL, each of which is incorporated by reference 
herein in its entirety. 

The present invention is described in more detail in the following by illustrative 
H Examples, to which the present invention is not limited. 



m 



EXAMPLES 

ifl These Examples are provided for the purpose of illustration only and the invention should 

p in no way be construed as being limited to these Examples, but rather should be construed to 
encompass any and all variations which become evident as a result of the teaching provided 
20 herein. 

EXAMPLE 1 HPLC PURIFICATION OF AN HIV Inhibitory Factor From CD8^T-cells 
AND Its Identification as an Antithrombin III Using Nano- 
Electrospray Tandem Mass Spectrometry 

To purify the ATIH-like HIV inhibitory factor, HIV-specific CTL or bulk CD8^ T-cells 
25 of long-term non-progressors were cultivated in vitro and stimulated with CD3 crosslinking 
(Geiben-Lynn et aL, J. Virol., 75: 8306-16 (2001)) in either 10% heat-inactivated fetal bovine 
serum or 10% heat-inactivated human serum. After 4 h at 37°C, media was collected, 
centrifuged, and applied to a heparin Sepharose column. The column was eluted with a 
continuous gradient to 1 M NaCl in phosphate-buffered saline (PBS, pH 7.4). Inhibitory 
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fractions were pooled, and concentrated with a Centricon 50K centrifugal concentrator. The 
sample was applied to a Superdex 200 column. Fractions that inhibited were applied to a Vydac 
RP-4 HPLC colunm equilibrated with distilled water and 0.1% (v/v) trifluoroacetic acid (TFA) 
and tested for purity (FIG. 2A). Bound protein was eluted with a gradient of acetonitrile in TFA 
5 (Van Patten et al, J. BiOL. Chem., 274: 10268-76 (1999)). Additionally, the purity of the final 
samples were assessed by SDS-polyacrylamide gel electrophoresis (PAGE) with silver staining, 
and the protein concentration was determined with a Bio-Rad protein assay. Fractions with 
>95% purity by C4-HPLC and silverstaining were used for the inhibition tests to determine the 
IDso (Schreuder et aL, Nat. Struct. Biol., 7: 48-54 (1994)). 

10 The fractions from the Superdex-200 column that contained anti-HIV activity were 

pooled and analyzed by SDS-PAGE under reducing and non-reducing conditions and silver 

o stain, which revealed a single molecular species migrating at a 43 kDa (FIG. 2B). fri-gel trypsin 

ifj digestion was performed on the material migrating at 43 kDa band to yield peptide fragments 
that were subsequently eluted from the gel and identified as bovine ATIII by reverse-phase 

y§ HPLC nano-electrospray tandem mass spectrometry (|iLC/MS/MS) on a Finnigan LCQ 
quadrupole ion trap mass spectrometer (FIG. 2C). Bovine ATIII (53%) was detected with 

H masses of 14 peptides. 

^ In contrast, serum containing xmtreated media and supematants from unstimulated CD8"*" 

p T-cell grown in serum containing serum did not substantially inhibit HIViiib replication, even 
2d when applied to the heparin Sepharose column. Additionally, using untreated serum containing 
media the 43 kDa form of ATIII was not detected following heparin Sepharose chromatography 
and Superdex200 chromatography by either SDS-PAGE silverstaining or C4-HPLC. These data 
show that activated CD8^ T-cells modify ATIII into a form that is capable of inhibiting HIV. 
ATIII unprocessed normally has a molecular weight of 54-65 kDa, whereas the purified form 
25 was found at 43 kDa by SDS-PAGE. This led us to hypothesize that the heparin non-binding 
<50 kDa factor might be necessary to activate ATIII. 
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EXAMPLE 2 Antiviral Activity of ATIII 

i. Comparative evaluation of the effect of purified bovine A Till forms on HIV, SIV, and 
SHIV infectivity in vitro 

To test the effect of ATIII on lentivirus infectivity (X4 HIV, R5 HIV, SIV239 or 
5 SHIVku-i), cell lines (H9, PMl, SEM-174) were cultured in the presence or absence of the 

various forms of ATIII for up to nine days {Cf., FIGS. 3 and 4). Every three days (days 3, 6, and 
9), 1 ml cell supematant was removed from test wells and replaced with an equal volume of R20 
culture medium containing either bovine ATIII or human ATIII. Control wells were similarly 
sampled, but received media without the ATIII supplement. 

10 Both the test and the control wells were again sampled on the ninth day of culture and the 

^ concentration of the viral core protein p24 (gag) for the HIV (AUiance® HIV-1 p24 ELISA kit; 
O NEN® Life Science, Boston, MA, USA) or p27 antigen (SIV core antigen ELISA kit. Coulter, 

Miami, FL) was measured for HIV and SIV or SHIV infected cells, respectively. Inhibition of 
fl viral replication in the test samples was calculated as a percentage of p24 immunoreactivity 

observed in control wells. 

H 2. In vivo evaluation of A Till antiretroviral activity 

tfl There is currently no standard in vivo animal model endorsed by the U.S. Food and Drug 

^ Administration for the evaluation of antiretroviral agents such as ATIII, and no in vivo model is 

necessary for IND approval in the U.S. Human cell lines can, however, be cultivated in hollow 
20 fibers in the subcutaneous and intraperitoneal compartments of mice (HoUingshead et al.. Life 

SCL, 57: 131-41 (1995)). In vivo evaluation of ATIII antiretroviral activity can be evaluated in 

the murine hollow fiber model developed by HoUingshead and coworkers (Antiviral RES., 28: 

256-79 (1995)). 

H9 or PMl cell-bearing polyvinylidene fluoride fibers (500,000 Mw cutoff; 1 mm ID.; 
25 Spectrum Medical Corp., Houston, TX, USA) are prepared by filling conditioned hollow fibers 
with cell inoculum (uninfected cells, acutely HIV infected cells or chronically HIV infected 
cells) (HoUingshead et ai, LIFE SCL, 57: 131-41 (1995)). These inoculated hollow fibers are 
surgically implanted either subcutaneously or in the peritoneal cavity of SCK) mice (SCID/NCr; 
NCI Animal Production Facility, NCI-FCRDC, Frederick, MD, USA). Hollow-fiber-bearing 
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SCID mice are dosed either acutely or chronically with increasing amounts of purified ATIII 
preparation. The ATIII preparation (3-500 U/mouse/day) are administered to the hoUow-fiber- 
bearing SCID mice by subcutaneous injection, intraperitoneal injection, intravenous or oral 
routes. At select times, blood is sampled from control and test animals and serum prepared. The 
5 amount of viral particles in test and control serum is measured by p24 ELIS A. ATIII-mediated 
antiviral action yield a significant decrease in viral load as judged by at least a 15% decrease in 
serum p24 protein content in ATIII-treated animals relative to the serum p24 content of the 
untreated control animals. 

«. 

EQUIVALENTS 

10 Although particular embodiments have been disclosed herein in detail, this has been done 

™ by way of example for purposes of illustration only, and is not intended to be limiting with 

O respect to the scope of the appended claims, which follow. In particular it is contemplated by the 

m 

\\ inventors that various substitutions, alterations, and modifications may be made to the invention 

without departing from the spirit and scope of the invention as defined by the claims. Other 
UIS aspects, advantages, and modifications are within the scope of the invention. For example, ATIII 
p can be used, for example, as an antiviral drug against other viruses (e.g., HTLV-1, HTLV-2, 
HSV, EBV, HBV, HCV, or CMV). 

m 
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